Background
Invasive fungal infection (IFI) is a major cause of morbidity and mortality in patients who are immunocompromised, such as those with hematological malignancies or neutropenia due to anticancer chemotherapy or immunosuppression in human stem cell transplantation [1] [2] [3] , with IFI manifesting primarily as pulmonary disease. Delays in treatment of IFI contribute to poor prognosis [4] [5] [6] , but early detection of IFI is often confounded by variability in clinical presentation and a lack of optimal diagnostic criteria [7] .
In 2008, the Consensus Group formed by the Invasive Fungal Infections Cooperative Group of the European Organization for Research and Treatment of Cancer (EORTC) and the Mycoses Study Group of the National Institute of Allergy and Infectious (MSG) revised the criteria for defining the proven, probable, and possible diagnostic categories for IFI [8] . Nevertheless, the current guidelines for the management of IFI are inadequate for unclassified IFI cases. Beside the classification into possible, probable, and proven IFIs, categorizations into the groups A, B, C, D and E, in which patients of the group A have no signs of infections and group B patients develop only persistent febrile neutropenia, whereas group D comprise the probable and group E the proven cases with clear medication indications, have been proposed. Group C has been divided into C-I to C-IV subgroups, and group IV including the possible cases [9] (Supplementary  Table 1 ). However, these revisions failed to address the lack of medical evidence-based guidelines for the diagnostic-driven interventions in the B and C-I, C-II, and C-III unclassified categories, which do not meet EORTC/MSG criteria [10] . Furthermore, the absence of clear, objective diagnostic criteria for these categories confounds the interpretation of the findings of clinical drug trials of antimicrobials for IFI management because only patients meeting the definitions of possible (C-IV), probable, and proven IFI are included in intervention groups [7] .
In previous studies, approaches for the treatments of IFIs in patients with hematological malignancies have been proposed, in which the treatments are guided only by risk factors reported in previous studies for specific hematological malignancies [11] and another study indicated that febrile neutropenia alone should be an indication for empirical or pre-emptive antifungal therapies [12] . Given the difficulty clinicians face in obtaining definitive radiological or laboratory evidence for possible IFI diagnosis, effective diagnostic-driven interventions in unclassified cases is critical for the prevention of IFI progression. As a result, physicians might wish to use a pre-emptive antimicrobial therapy for the treatment of unclassified IFI cases that do not fully satisfy the diagnostic EORTC/MSG criteria [9, 10, 13] .
Caspofungin is an echinocandin, which specifically inhibits fungal 1,3-b glucan synthase, thereby compromising the fungal cell wall integrity [14] , and it is recommended as empirical therapy in febrile neutropenic patients [15] .
A recent Chinese large-scale, observational study of antifungal therapy in hematological diseases revealed that in 1401 patients undergoing hematopoietic stem cell transplantation (HSCT), the most common medications for invasive fungal diseases were triazoles (mainly fluconazole) and echinocandins [16] and a Chinese guideline for treatment of invasive fungal infection after burn injury recommends azoles and candins as first-line treatment for empirical therapies and excludes polyenes for prophylaxis [17] . Another guideline for the management of candidiasis from the Infectious Diseases Society of America (IDSA) recommends caspofungin and azoles as firstline treatments when azole resistance is unlikely [18] . However, caspofungin has fewer drug interactions and adverse effects than triazoles and polyene [19] [20] [21] antimycotics, though it has usage limitations in China due to cost-related issues [13] . Caspofungin as a first-line treatment for proven, probable, and possible IFI cases has been reported to have favorable response rates of 56.5% to 66.7% [22] [23] [24] when caspofungin was used alone, and favorable response rates of 56.3% to 62.5% when it was used in combination therapy with voriconazole [22, 23] .
Because there is little information about unclassified IFI evidence-based medications and there is no guideline concerning different subclasses of unclassified IFIs, we conducted this research in order to strengthen the current guidelines for the effective management of unclassified IFIs in immunocompromised patients who fail to satisfy the EORTC/MSG diagnostic criteria for possible, probable, or proven IFI, and we retrospectively performed a multicenter, observational study in China to evaluate the efficacy of caspofungin in hematological patients with unclassified IFI.
Material and Methods
This retrospective, single-arm, multicenter (11 institutions), observational study of the efficacy of caspofungin in 704 immunocompromised patients with hematological malignancies was conducted in China from April 2014 to January 2015. Our study was performed according to the International Conference on Harmonization guidelines on Good Clinical Practice and the Declaration of Helsinki (2004) and was approved by the Ethics Committee of each participating institution. Written informed consent was obtained from each patient prior to our study. Patients' medical charts were reviewed, and those meeting the current EORTC/MSG diagnostic criteria for proven, probable, or possible IFI were excluded from our study, while the remaining patients were categorized as unclassified IFI cases. In the present study, the unclassified cases were divided into group A (n=401) and group B (n=181). Both groups had clinical pulmonary symptoms (cough, chest tightness, hemoptysis, expectoration, chest pain, or dyspnea) and radiographic signs consisting of infiltrates and shadows not concordant with current EORTC/MSG diagnostic criteria. Patients without microbiological or biomarker results were assigned to group A, while patients positive for biomarkers and with positive microscopic examination or positive sputum culture were assigned to group B [25] .
Treatments and definition of treatment responses
All included patients received caspofungin as mono-or combination therapy for ³7 days. Other treatments are listed in Table 1 . Complete response (CR) was defined as resolution of all attributable symptoms and signs of pulmonary infection and radiological abnormalities. Partial response (PR) was defined by a substantial reduction of attributable symptoms and signs of pulmonary infection and radiological abnormalities (>50%). Stable disease (SD) was defined as minimal or no reduction of attributable symptoms and signs of pulmonary infection and radiological abnormalities. Failure was defined as worsening of pre-treatment signs and symptoms of pulmonary infection or radiological abnormalities. Favorable response was defined as complete or partial response. Unfavorable response was defined as SD, failure, or death due to any cause. Caspofungin efficacy was evaluated after ³7 days of caspofungin monotherapy or combination therapy with any other antifungal agent.
Microbiology factor evidences to diagnose IFI Samples were obtained from needle aspiration or biopsy, pleural liquid, BALF, bronchial brush, and sputum, as well as peripheral blood, and used for cytological identification, direct microscopy, or culture and other indirect tests, including galactomannan antigen (GM-test) and b-D-glucan (G-test) tests.
Statistical analyses
The statistical analysis was performed using the SPSS, version 13.0, software (IBM, Armonk, NY, USA). Descriptive analyses of the patient characteristics and clinical data were performed, with the analysis of treatment outcome stratified based on diagnostic group and treatment regimen. Univariate and multivariate analyses were performed to identify factors associated with favorable outcome in the overall patient sample (A and B groups). The level of statistical significance for the various analyses was set at P<0.05.
Results
Of the 704 hematology patients evaluated, 122 of them received a diagnosis of proven, probable, or possible IFI according to the current EORTC/MSG diagnostic criteria. Of the remaining 582 unclassified IFI cases, 401 (68.9%) patients were assigned to the A group and 181 (31.1%) patients were assigned to the B group.
The mean age of the study sample was 46.1±16.4 years, and 356 (61.2%) of the patients were men (Table 1) . Hematological malignancies included acute myelocytic leukemia, acute lymphoblastic leukemia, non-Hodgkin's lymphoma, multiple myeloma, aplastic anaemia, myelodysplastic syndrome, acute promyelocytic leukemia, chronic myelogenous leukemia, and chronic lymphocytic leukemia. Most (81.8%) of the patients had Eastern Cooperative Oncology Group (ECOG) scores of 0 to 2.
Hematopoietic stem cell transplantation was used for 13.2% and anticancer chemotherapy for 33.3% of the patients, whereas 53.4% of them had undergone immunosuppressive, antiinfection or symptomatic and supportive care, and a few other secondary treatments.
Although most of the patients (54.2%) were mildly neutropenic (ANC=1000 to 1500/mm 3 ) before caspofungin treatment, 35.1% of them were severely neutropenic before treatment. However, group A and B only had significant difference in their HSCT origin and the numbers of patients with antibiotic therapy in the previous 2 weeks or fungal infection in the previous 6 months, but the patients in group A had no microbiology findings (Table 1) .
Cough, chest tightness, and expectoration were the most common clinical features, occurring in 41.8%, 14.6%, and 29.6% of the overall patient sample, respectively. Changes in computed tomography (CT) images (513) were much more common than changes in chest radiographs (114), occurring in 88.1% versus 19.6% of the overall patient sample, respectively. Marker tests revealed that of the tested patients (n=52), 67.3% were positive for galactomannan (GM) and (n=117) 85.5% for (1-3)-b-D-glucan (G). Positive germ-free sites and other side cultures were positive in 39.8% of the group B patients (Table 2 ).
In the analysis of caspofungin efficacy, the rates of favorable outcomes were 57.0% for all caspofungin regimens, including 58.6% in group A and 53.6% in group B, and 57.7% favorable outcomes rate for caspofungin as first-line combination therapy, including 56.7% for first-line monotherapy and 65.1% for the first-line combination therapy. Interestingly, the favorable outcomes as first-line monotherapy (51.9%) seemed to be lower than favorable outcomes as first-line combination therapy (90%) in group B patients, but the difference was not significant (P=0.3073) due to the small sample size. Similar results of favorable outcome rates were obtained with caspofungin as salvage therapy whether used as mono-or combination therapy. However, these results suggest that caspofungin was effective for treating unclassified IFI cases (Table 3) . Of the 582 patients with unclassified IFIs, 58 patients died, from which 32 (5.5%) cases were unrelated to the IFIs (cerebral hemorrhage, intracranial hemorrhage, renal failure and gastrointestinal bleeding) and 26 (4.47%) were related to the IFIs.
All of the variables presented in Table 1 and the radiological/clinical symptoms presented in Table 2 were subjected to univariate analysis to identify those associated with favorable clinical outcome (Supplementary which suggested that these factors were associated with reduced favorable response to caspofungin. Cough, absolute neutrophil count (ANC) >1000/mm 3 before antifungal therapy, and ANC <1000/mm 3 before antifungal therapy with recovery after treatment (versus ANC<1000/mm 3 before antifungal therapy without recovery) were significantly associated with improved clinical outcome in unclassified IFI cases following caspofungin treatment (Table 4 ).
These results suggest that an index based on ECOG score, cardiovascular disease, cough, and/or hemoptysis might be useful for identifying unclassified IFI cases who will respond favorably to caspofungin monotherapy and combination therapy regimens. Cough was a beneficial factor, whereas elevated ECOG score and prolonged low ANC counts, as well as hemoptysis and cardiovascular diseases, were unfavorable factors.
Discussion
We retrospectively evaluated the efficacy of caspofungin treatment in a cohort of unclassified IFI cases in China who did not satisfy the EORTC/MSG diagnostic criteria for proven, probable, or possible IFI. To the best of our knowledge, this is the first Chinese study to examine caspofungin efficacy in this patient subpopulation, although the EORTC/MSG definitions are not meant to be used to guide clinical practice [8] . A French study including hematological malignancies, HSCT recipients, and neutropenic patients revealed 25% unclassified IFD cases at the beginning of the study, with a 12-week mortality rate of 12%, which was close to that of possible IFD patients [26] . Another Chinese study on unclassified IFDs in leukemia patients similarly reported a mortality rate of 11.3% [27] , which is close to our study with 10% overall and 4.47% IFI-related mortalities. The univariate and multivariate analyses of our study suggested that an index consisting of ECOG score, cardiovascular disease, cough, and hemoptysis might be useful for identifying unclassified IFI cases who will respond favorably to caspofungin treatment. Factors associated with higher ECOG score, cardiovascular disease, respiratory, hepatic disease, chest tightness, treatment types except HSCT and chemotherapy, as well as hemoptysis, might be expected to be associated with unfavorable clinical outcomes, while cough, ANC <1000/mm 3 before antifungal therapy with recovery after treatment and ANC >1000/mm 3 before antifungal therapy were associated with favorable response of unclassified IFI patients to caspofungin treatment. Previous studies of possible, probable, and proven IFI in immunocompromised patients have found that ANC ) was a significant prognostic factor for caspofungin response in unclassified IFI patients, we have also found ANC recovery to be a useful indicator of the status of antifungal treatment in clinical practice, and caspofungin is the currently recommended antimicrobial for treating IFI in neutropenic patients [18] . The association of favorable outcome and cough seems less straightforward. It is possible that coughing may have greater influence on a physician's assessment of pulmonary involvement due to greater prominence in clinical presentation. Our findings suggest that future studies of these factors as prognostic indicators of caspofungin response might be beneficial with regard to treating unclassified IFI in immunocompromised patients who do not satisfy the EORTC/MSG diagnostic criteria for proven, probable, or possible IFI.
Our findings are subject to certain limitations. Although our IFI cohort included 582 patients, several of the treatment regimen subgroups in the analysis of caspofungin efficacy were much smaller, with only 9 and 1 patients in the favorable and unfavorable outcome groups, respectively, for first-line caspofungin combination therapy (Table 3) . Furthermore, it is possible that some of the patients who lacked microbiological data may have had undiagnosed bacterial or viral infections, which would have contributed to an artificially lowered rate of favorable response to caspofungin treatment.
Conclusions
The overall favorable outcome of caspofungin treatment was 57.0% with 56.7% for first-line monotherapy and 65.1% for first-line combination therapy in hematological malignancy patients with unclassified IFDs. Our finding that cough, ANC count and ANC recovery, cardiovascular disease, ECOG score, as well as hemoptysis, might be a useful index for identifying unclassified IFI cases who will respond to caspofungin monotherapy and combination therapy regimens is clinically noteworthy because it helps to fill the existing gap in the medical evidence-based guidelines for treating unclassified IFI patients. 
